Separation of xylose from glucose in oil palm frond (OPF) bagasse hydrolysate using nanofiltration membrane system by Nurul Fatihah, Mahamad Roli
  
 
SEPARATION OF XYLOSE FROM GLUCOSE 
IN OIL PALM FROND (OPF) BAGASSE 
HYDROLYSATE USING NANOFILTRATION 
MEMBRANE SYSTEM 
 
 
 
 
 
NURUL FATIHAH BINTI MAHAMAD ROLI 
 
 
 
 
 
 
Master of Science 
 
UNIVERSITI MALAYSIA PAHANG 
 
 SUPERVISOR’S DECLARATION 
We hereby declare that We have checked this thesis and in our opinion, this thesis is 
adequate in terms of scope and quality for the award of the degree of Master of Science 
in 
 
 
 
_______________________________ 
 (Supervisor’s Signature) 
Full Name  : A.P. DR. WAN MOHD HAFIZUDDIN BIN WAN YUSSOF 
Position  :  
Date   :  
 
 
 
_______________________________ 
 (Co-supervisor’s Signature) 
Full Name  : A.P. DR. SYED MOHD SAUFI BIN TUAN CHIK 
Position  :  
Date   : 
 STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has 
not been previously or concurrently submitted for any other degree at Universiti 
Malaysia Pahang or any other institutions.  
 
 
_______________________________ 
 (Student’s Signature) 
Full Name :NURUL FATIHAH BINTI MAHAMAD ROLI 
ID Number : MKC 14027 
Date  :  
 
  
 
SEPARATION OF XYLOSE FROM GLUCOSE IN OIL PALM FROND (OPF) 
BAGASSE HYDROLYSATE USING NANOFILTRATION MEMBRANE SYSTEM 
 
 
 
 
 
NURUL FATIHAH BINTI MAHAMAD ROLI 
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the degree of 
Master of Science 
 
 
 
 
 
Faculty of Chemical Engineering & Natural Resources 
UNIVERSITI MALAYSIA PAHANG 
 
JULY 2018 
 
ii 
ACKNOWLEDGEMENTS 
I extend my sincere gratitude and appreciation to many individuals who made this thesis 
possible. The foremost thanks go to my supervisor Assoc. Prof. Dr. Wan Mohd 
Hafizuddin B. Wan Yussof and my co-supervisor Assoc. Prof. Dr. Syed Mohd Saufi 
Bin Tuan Chik. I owe my supervisor lots of gratitude for his constant encouragement, 
advices, numerous comments on countless rewrites, and longstanding commitment to 
make this thesis a reality. I would also like to extend a token of appreciation to Assoc. 
Prof. Dr. Mazrul Nizam for suggestions and guidance especially throughout this 
research. 
A special gratitude goes out to all down at Research Fund for helping and providing the 
funding for this work. I also would like to thank Prof. Dr. Ir. Abdul Wahab Mohammad 
and LRGS Project Future Biorefineries group members for giving me the opportunity to 
be a part of them. I am also grateful to administrative and technical staff of Faculty of 
Chemical and Natural Resources Engineering, Universiti Malaysia Pahang for their 
unfailing support and assistance during my study. 
My sincere thanks also go to my research teammates Mah Kah Hong, Fatin Syazwana, 
Zulsyazwan, Imla Syafiqah, and Aisyah for their help, support and friendship. I would 
also like to thank Norlirabiatuladawiyah, Nuri Adilah, Wan Hairani, Tengku Nur Anisa, 
Amirul Yussof, Norlisa, Elfira and Munirah of course for friendship, simulating 
discussion, for the sleepless nights we were working together before deadline, and for 
all the fun we have had in the last two years.  
Finally, and most importantly, I would like to thank to my beloved husband, 
Muhammad Mu`izzuddin Bin Abdul Malek, my parents, Mahamad Roli Bin Hj. Yussoh 
and Normalis Binti Mostapa, my family in-law and my brother for their support and 
sacrifices they made throughout the course of my studies 
Thanks for all your encouragement! May Allah bless all of you. 
 
 
 
v 
TABLE OF CONTENT 
DECLARATION 
TITLE PAGE  
ACKNOWLEDGEMENTS ii 
ABSTRAK iii 
ABSTRACT iv 
TABLE OF CONTENT v 
LIST OF TABLES ix 
LIST OF FIGURES x 
LIST OF SYMBOLS xii 
LIST OF ABBREVIATIONS xiii 
CHAPTER 1 INTRODUCTION 1 
1.1 Research background 1 
1.2 Problem statement 3 
1.3 Research objective 5 
1.4 Scope of study 5 
1.5 Significance of study 6 
1.6 Chapter organization 6 
CHAPTER 2 LITERATURE REVIEW 8 
2.1 Introduction 8 
2.2 Oil palm frond (OPF) bagasse composition 8 
2.3 Lignocellulosic biomass from oil palm tree 10 
vi 
2.4 Lignocellulosic biomass 11 
2.4.1 Cellulose 13 
2.4.2 Hemicellulose 14 
2.4.3 Lignin 15 
2.5 Pretreatment methods for lignocellulosic biomass 15 
2.5.1 Physical pretreatment 16 
2.5.2 Chemical pretreatment 17 
2.6 Hydrolysis of the biosugar sugar 18 
2.6.1 Enzymatic hydrolysis 19 
2.6.2 Acid hydrolysis 20 
2.7 Membrane technology 23 
2.7.1 Nanofiltration membrane in sugar separation 25 
2.8 Operating parameters for separation of sugar using nanofiltration membrane 27 
2.8.1 Total sugar concentration 27 
2.8.2 Transmembrane pressure 28 
2.8.3 Ratio of xylose to glucose 28 
2.8.4 Temperature 28 
2.9 Polyamide membrane 29 
2.10 Spiral wound module 31 
2.11 Single-stage membrane system 32 
2.12 Comparison of dead-end to crossflow filtration 33 
2.13 Pilot scale nanofiltration study 34 
2.14 Mathematical model for membrane performance 36 
CHAPTER 3 METHODOLOGY 38 
3.1 Introduction 38 
vii 
3.2 Membrane and nanofiltration set-up 40 
3.3 Pure water flux stability 42 
3.4 Filtration of single and binary xylose-glucose model solution 42 
3.5 Preparation of oil palm frond (OPF) bagasse hydrolysate 43 
3.6 Pre-filtration of oil palm frond (OPF) bagasse hydrolysate 44 
3.7 Filtration of oil palm frond (OPF) bagasse hydrolysate 44 
3.8 High performance liquid chromatography (HPLC) analysis on filtration sample
 45 
CHAPTER 4 RESULTS AND DISCUSSION 46 
4.1 Membrane characterization 46 
4.1.1 Water flux stability 46 
4.1.2 Pure water permeability (PWP) 49 
4.2 Membrane performance for separation of xylose form glucose 50 
4.2.1 Separation of single model solution 50 
4.2.2 Separation of binary model solution 53 
4.3 Composition dilute acid hydrolysis 57 
4.3.1 Separation of oil palm frond (OPF) bagasse hydrolysate 58 
CHAPTER 5 CONCLUSION AND RECOMMENDATION 60 
5.1 Introduction 60 
5.2 Recommendation 61 
REFERENCES 64 
APPENDIX A Single Model Solution Separation Analysis 76 
APPENDIX B Binary Model Solution Separation Analysis 77 
APPENDIX C OPF Bagasse Hydrolysate Separation Analysis 79 
viii 
APPENDIX D Hplc Standard Curve 80 
APPENDIX E List Of Publications 82 
 
ix 
LIST OF TABLES 
Table 2.1  Properties of biosugars 9 
Table 2.2 Comparison of composition in raw OPF bagasse 10 
Table 2.3 Estimated quantity of lignocellulosic biomass produced in Malaysia 
for year 2007 12 
Table 2.4 Agricultural products as a potential LCB resources in Malaysia for 
2015 12 
Table 2.5 Summarized of enzymatic hydrolysis studies 20 
Table 2.6 Comparison of acid hydrolysis 21 
Table 2.7 Physical and chemical properties of acetic acid, furfural and HMF 22 
Table 2.8 Properties of xylose and glucose 22 
Table 2.9 Characteristic of Polyamide membrane used by researcher 31 
Table 3.1 Properties of commercial NF membranes 41 
Table 4.1 Pure water permeability (L m-2 h-1 bar-1) of the pristine membranes 
and pure water permeability of the used membranes. Permeability 
was measured at 35 0C and at 2, 6 and 10 bars with ultrapure water 
[values shown as minimum-maximum (average ± standard 
deviation)] 50 
Table 4.2 Comparison between commercial membrane used in this study and 
previous study 52 
Table 4.3 Composition from dilute nitric acid hydrolysis of biomass 57 
Table 4.4 Comparison on pilot scale crossflow nanofiltration membrane of 
biosugar between other study 59 
 
x 
LIST OF FIGURES 
Figure 2.1 Oil palm biomass & oil palm biomass fibers from oil palm tree 11 
Figure 2.2 Structural organization of the plant cell wall. Cellulose is protected 
by degradation of hemicellulose and lignin 14 
Figure 2.3 Schematic diagram of pretreatment effect on lignocellulosic biomass 
(LCB) 16 
Figure 2.4 Classification of membrane processes 24 
Figure 2.5 Schematic diagram of an open spiral wound membrane 31 
Figure 2.6 Illustration of a single-stage membrane system 33 
Figure 2.7 Schematic diagram of crossflow filtration and Dead-end filtration 
(DEF) 34 
Figure 3.1 Experimental workflow 39 
Figure 3.2 Schematic set-up for spiral wound module system 40 
Figure 3.3 Pilot scale spiral wound membrane system 41 
Figure 3.4 Treatment were performed in media containing 6 % HNO3 and 
autoclaved at 122 °C for 9 minutes 43 
Figure 3.5 Schematic diagram for pre-filtration system for 2nd. Stage 44 
Figure 4.1 Water flux stability for membrane NF90 at pressure 2, 6 and 10 bar 47 
Figure 4.2 Water flux stability for membrane Desal-5DL at pressure 2, 6 and 10 
bar 47 
Figure 4.3 Water flux stability for membrane Desal-5DK at pressure 2, 6 and 
10 bar 48 
Figure 4.4 Water flux stability at 10 bar for membrane NF90, Desal-5 DL and 
Desal-5 DK 48 
Figure 4.5 Rejection of xylose and glucose for NF 90, Desal-5 DK and Desal-5 
DL membrane at 10 wt. % of xylose-glucose feed concentration, 10 
bar of pressure and 35 °C of temperature 51 
Figure 4.6 Xylose separation factor for NF 90, Desal-5 DK and Desal-5 DL 
membrane at 10 wt. % of xylose-glucose feed concentration, 10 bar 
of pressure and 35 °C of temperature 52 
Figure 4.7 Effect of transmembrane pressure (TMP) (5, 8 and 10 bar) at 
different total feed concentration (2, 5 and 10 wt. %) on glucose 
rejection (Rglu) 54 
Figure 4.8 Effect of transmembrane pressure (TMP) (5, 8 and 10 bar) at 
different total feed concentration (2, 5 and 10 wt. %) on xylose 
rejection (Rxyl) 55 
Figure 4.9 Effect of transmembrane pressure (TMP) (5, 8 and 10 bar) at 
different total feed concentration (2, 5 and 10 wt. %)  on xylose 
separation factor 55 
xi 
Figure 4.10 Effect of ratio of sugar on xylose separation factor 56 
Figure 4.11 Effect of ratio xylose to glucose on xylose separation factor 56 
Figure 4.12 Effect of pressure on xylose separation factor of biosugar 59 
 
xii 
LIST OF SYMBOLS 
A Effective membrane area (m2) 
C0 Total feed concentration 
Cf Concentration of sugar in tank (gL
-1) 
Cp Concentration of sugar in permeate (g/100 g of solution) 
Cf,glu Concentration of glucose in feed (g/100 g of solution) 
Cf,xyl Concentration of xylose in feed (g/100 g of solution) 
Cp,glu Concentration of glucose in permeate  (g/100 g of solution) 
Cp, xyl Concentration of xylose in permeate (g/100 g of solution) 
Jw Water flux (L m
-2 h-1) 
Ntot Total nitrogen 
Pm Pure water permeability (L m
-2 h-1 bar-1) 
QR Retentate flow 
Robs Observed retention of respective solute 
Rxyl Observed retention of xylose 
Rgluc Observed retention of glucose 
Xxyl xylose separation factor 
ΔP Different operating pressure 
Δt Measured period of time 
ΔV Volume of ultrapure water collected 
 
 
xiii 
LIST OF ABBREVIATIONS 
COD Chemical oxygen demand 
DEF Dead-end filtration 
DOE Design of experiments 
DP Degree of polymerization 
EFB Empty fruit bunch  
HMF 5-hydroxymethyl-furfural 
HPLC High performance liquid chromatography 
LCB Lignocellulosic biomass 
LHW Liquid hot water 
MW Molecular weight 
MWCO Molecular weight cut-off 
NaOH Sodium hydroxide 
NF Nanofiltration 
NMSS Nanofiltration membrane separation system 
NREL National renewable energy laboratory 
MPOB Malaysian palm oil board 
OPF Oil palm frond 
POME Palm oil mill effluent 
RO Reverse osmosis 
TMP Transmembrane pressure 
UF Ultrafiltration 
VCR Volume concentration ratio 
